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Class 11
th

   NOTES CHEMISTRY CHAPTER 

07 

 

THERMOCHEMISTRY 

 

Q # 1: Why it is necessary to mention the physical state of the reactants and products?  

Ans: It is necessary to mention the physical states of reactants and products for thermo chemical 

reactions. Because different states of same substance have different enthalpies. e.g. the enthalpy 

of formation of liquid water and water vapours different from each other.  

H2(g) + 1/2O2   H2O(l)  Hf   

H2(g) + 1/2O2   H2O(g)  Hf   

 

Q # 2: Differentiate between exothermic and endothermic reactions?  

Exothermic Endothermic 

When heat is given out by the reaction. It 

is called exothermic. 

When heat is absorbed by the reaction. it 

is known as endothermic. 

Energy is transferred from the system to 

the surrounding.    

Energy is transferred from the surrounding 

to the system.   

Eventually temperature of the system rises 

and heat flow from the system to the 

surrounding. 

Temperature of the system falls and heat 

flows from the surrounding to the system.    

Example C(s) + O2(g)             CO2(g)  H = -

393.7 KJ/mol 

Example 2H2O(l)             H2(g) + O2(g)   H = 

+285.5KJ/mol 

They are usually spontaneous.  They are usually non-spontaneous but 

some are spontaneous as well. 

Enthalpy change is negative. Enthalpy change is positive. 

Their products are at lower energy level as 

compared to reactants and are stable.  

Their products are at higher energy loci as 

compared to reactants and are less stable. 
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Q # 3:  Define thermochemistry.  

Ans: The branch of chemistry which deals with energy changes taking place during chemical 

reaction is known as thermochemistry. e.g 

 

 C(s) + O2(g)             CO2(g)    H = -393.7 KJ/mol 

2H2O(l)      H2(g) + O2(g)    H = +285.5KJ/mol 

 

Q # 4: What is thermochemical equation? Give two examples. 

Thermochemical Equation: A balanced chemical equation which fully describes the physical 

states if reactants and products in the form of state symbols along with an enthalpy change during 

the reaction is called a thermochemical equation. 

Examples: C(s) + O2(g)             CO2(g)  H = -393.7 KJ/mol 

     2H2O(l)             H2(g) + O2(g)   H = +285.5KJ/mol 

 

 

SPONTANEOUS AND NON-SPONTANEOUS REACTIONS 

 

Q # 5:  Is it true that a non-spontaneous process never happens in the universe?  

Ans:  In general a non-spontaneous process never happens in the universe, but sometimes 

another natural process occurs in such a way that natural conditions become favorable and a non-

spontaneous process may occur. e.g under ordinary conditions N2 and O2 does not react but when 

lightning occur, N2 and O2 combine together and form NO.  

N2 +O2  
lightening        2NO 

 

Q # 6: Differentiate between spontaneous and non - spontaneous reactions.  

Spontaneous Process:  

The process which can take place on its own without any external assistance is called 

spontaneous process. It is unidirectional, irreversible and natural process. Usually exothermic 

process is spontaneous, but there are some endothermic processes which are spontaneous as 

well. e.g. Melting of ice and evaporation of water.  

Non - Spontaneous Process:  

Non - spontaneous process is reverse of the spontaneous process. It does not take place on 

its own and does not occur in nature. Non - spontaneous processes are made to take place by 

supplying energy to the system from external source. 

 e.g. (i) Pumping of water uphills  

        (ii) Transfer of heat from cold interior part of the refrigerator to the hot surrounding. 
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 Q # 7: Why the exothermic reactions are mostly spontaneous in nature?  

Ans: Our common experience shows that spontaneous processes proceed with a decrease in 

energy. So we might expect that a chemical reaction would proceed spontaneously if the reaction 

system decreases its energy by transferring heat to its surrounding. In other words we can say that 

all exothermic reactions are usually spontaneous but not always.  

 

Q # 8: Explain burning of candle is a spontaneous process.  

Ans: The process which can take place on its own without any external assistance is known as 

spontaneous process. There some exothermic processes which need energy to start with. But 

once reaction starts there are is no more energy required and reaction proceeds spontaneously. 

The burning of candle is an example of such process which needs a flame to start but once it starts 

burning no more energy is required.  

 

Q # 9: Spontaneous reactions arc exothermic in nature. Explain?  

Ans: During exothermic reactions, the energy of the system decreases as it results in the loss of 

heat from system to surrounding. As the reactants were at higher energy state so they 

automatically want to lower their energy. Hence exothermic reactions become spontaneous 

reactions by virtue.  

 

Q # 10: What is non-spontaneous reaction? Give two examples. 

Ans: Non-Spontaneous reactions:  

A process which does not take place on its own and need external assistance to carry out is 

called non-spontaneous reaction/process. 

A non-spontaneous process is: 

 Reversible reaction make a limiting case between spontaneous and non-spontaneous 

processes. 

 Some non-spontaneous processes can be made to take place by supplying energy to the 

system from external source. 

Examples:  

 Pumping of water uphill. 

 Transfer of heat from interior part of the refrigerator to the hot surrounding. 

Q # 11: What is spontaneous reaction/ process? Give two examples. 

Ans: Spontaneous Reaction 

A process which takes place on its own without any outside help and moves from a non-

equilibrium state to equilibrium state is called spontaneous reaction or natural process. 

A spontaneous reaction is uni-direction, irreversible and real. 

 Spontaneous reactionare mostly exothermic. 
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Examples: Water flows from higher level to lower level.  

       Neutralization of strog acid with a strong base is a spontaneous reaction. 

NaOH(aq) + HCl(aq)   NaCl(aq) + H2O(l) 

 

 

SYSTEM, SURROUNDING AND STATE FUNCTION 

 

Q # 12: What is state and state function?  

State: The condition of a system is called the state of a system.  

The initial state is the condition of system before change. The final state is the condition of system 

after change. 

State Function:  It is the macroscopic property of a system, which has definite values for initial 

and final states and is independent of the path which is adopted to bring about the change. 

 

Q # 13: Define system and surrounding? 

System: The part of universe which is under consideration/observation is called system.  

Surrounding: Everything except system present in the universe is known as surrounding.  

e.g water in the glass in system and all around is surrounding. 

 

Q #14:  Differentiate between system and surroundings.   

Ans:  

System Surrounding 

Any substance or a collection of 

substances under consideration is called 

system. 

The whole universe except the system is 

called surrounding. 

For example: during titration, the solution 

inside the flask can be referred as a 

system. 

For example: During titration, everything 

outside that flask is called as 

surroundings. 

 

 

INTERNAL ENERGY AND FIRST LAW OF THERMODYNAMICS 

 

Q # 15: State first law of thermodynamics.  

Ans: According to the statement of Ist law of thermodynamics ―energy can be transferred from the 

system to the surrounding and vice versa but the total energy of the system and its surrounding 

remains constant‖.  
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The energy change is the sum of both heat and work.  

Mathematically it can be written as E = E2 – E1 = q + w  

If ‗w‘ is pressure — volume work then the above equation becomes  

E = q + PV 

 

Q # 16: What is internal energy of the system?  

Ans: Internal Energy: The total of all the possible kinds of energies of the system is called internal 

energy. 

E = K.E + P.E 

The absolute value of internal energy cannot be determined but change in internal energy (E) can 

be measured. 

E is a state function. 

 

Q # 17: Prove that E = qv 

Consider a gas is enclosed in a cylinder having a frictionless piston. When a quantity of heat ―q― is 

supplied to the system, its internal energy E1 changes to E2 and piston moves upwards. The 

change in internal energy AE is given by the following equation: 

E = E2 - E1 = q + w 

E = q + w 

In this equation, q represents the amount of jeat absorbed by the system and w is the work done 

by the system in moving the piston up. 

If w is the pressure-volume work. then the above expression can be written as:  

E = q + PAV            w = PAV 

When the piston is kept in its original position or the volume is not allowed to change, then  

V = 0 

E = q + P(0) 

E = qv 

Q # 18: Define heat and work? 

Heat: The quantity of energy that flows across the boundary of the system during a change in its 

difference in temperature between system and the surrounding is called heat (q). 

 It is denoted by ‗q‘. 

 It is not a property of a system. 

 It is not a state function. 

 Unit of heat: Joule, KJmol-1, Calmol-1. 

Work: The product of force and displacement is called work (w). 

    W = F x S 

In Chemistry, pressure-volume work is considered. 
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    W = P V 

 It is not a state function. 

In SI, unit of work is ‗Joule‘. 

 

 

Q # 19: What is the difference between heat and temperature? 

HEAT TEMPERATURE 

1. The total kinetic energy of all the molecules 

of a substance is called heat. 

1. The average kinetic energy of all the 

molecules of a substance is called its 

absolute temperature. 

2. It is denoted by ‗q‘. 2. It is denoted by ‗T‘. 

3. It is not a state function. 3. It is a state function. 

4. Heat absorbed or release can be measured 

by using glass or bomb calorimeter. 

4. Temperature is measured by a 

thermometer. 

5. Units of heat are joules, KJmol-1, calmol-1. 5. Units of temperature are oC, oF and K. 

6. It depends upon the quantity of substance. 6. It is independent of the quantity of a 

substance. 

 

ENTHALPY 

Q # 20:: In what situation H and E values are same?  

Ans: We know that at constant pressure, change in enthalpy is: 

H =  

But in case of liquids and solids, the changes in state do not cause significant volume change  

i.e. V = 0. So in this situation . H  E  

 

Q # 21: Differentiate between internal energy and enthalpy.  

Ans: Internal Energy: The sum of all possible kinds of energies present in the system is known as 

internal energy. It is denoted by E. It is not possible to measure the absolute value of internal 

energy of the system, but change in internal energy E can be measured for change in the state of 

the system. 

Enthalpy: The sum of internal energy and pressure - volume work is called enthalpy.  

It is represented by H. It is also known as total heat content of the system.  

Mathematically:  H =  

 Enthalpy is a state function. It is measured in Joules. It is not possible to measure the enthalpy of 

a system in a given state. However change in enthalpy ( H) can be measured for change in the 

state of system. 
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Q # 22: Differentiate between internal energy change and enthalpy change?  

Ans:  

Internal energy change Enthalpy change 

Amount of heat evolved or absorbed 

during a chemical- reaction at constant 

volume.  

Amount of heat absorbed or evolved 1 

during chemical reaction when it is taking 

place at constant pressure. 

It is denoted  by E It is denoted by  H 

Mathematically E = qv Mathematically H = qp 

E = E2 – E1 H = H2 – H1 

E = H - P  H =  

 

Q # 23:  How would you explain that enthalpy of neutralization is merely the heat of 

formation of one mole of liquid water from its ionic components?  

Ans: A strong acid HCl and a strong base NaOH ionize completely in dilute solution. When these 

two solutions are mixed together during the process of neutralization, the only change that actually 

occurs is the formation of one mole of water molecules. Leaving the Na+ ions and Cl- ions as free 

ions in solution. Thus, the enthalpy of neutralization is merely the heat of formation of one mole of 

liquid water from its ionic components.  

 

Q # 24: Define Hr (enthalpy of reaction). Can it be negative? How?  

Ans: The standard enthalpy of reaction ( H°) is the enthalpy change which occurs when  certain 

number of moles of reactants as indicated by balanced chemical equation react together 

completely to give the products under standard conditions.(25oC and at one atmosphere pressure). 

2H2O(l)             H2(g) + O2(g)   H = +285.5KJ/mol 

Exothermic Reaction: In an exothermic reaction, the enthalpy of product is less than enthalpy of 

reactant. 

H = H2 – H1 

H = -ve  (since H2 < H1) 

Endothermic Reaction: In an endothermic reaction, the enthalpy of product is greater than 

enthalpy of reactant. 

H = H2 – H1 

H = +ve  (since H2 > H1) 

 

Q # 25:  How do we determine the H in the laboratory for food, fuel etc?  

Ans:  Bomb calorimeter is usually used for accurate determination of the enthalpy of combustion of 

food, fuel and other compounds.  
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Q # 26: Heat of solution of a substance is measured at infinite dilution. Why?  

Ans: The standard enthalpy of a solution is ―the amount of heat absorbed or evolved when one 

mole of a substance is dissolved in so much solvent that further dilution results in no detectable 

heat change.  

Examples: i) The enthalpy of solution of NH4C1 is 16.2 kJ/mol.  

NH4Cl  NH4
+1

(aq) + Cl-(aq)  Hs = +16.2 KJ/mol 

In this case, heat is absorbed results in cooling of solvent and process of dissolution is 

endothermic. Heat flows from surrounding to the system and temperature of the surroundings falls 

ultimately.  

ii) The enthalpy of solution of NaC1 is -25 kJ/mol. 

Na2CO3(s)   Na+
(aq) + CO3

-2
(aq)                  Hs = -25 KJ/mol   

In this case, heat is released results in rise in temperature of solvent and process of dissolution is 

exothermic. Heat flows out from the system to the surrounding and temperature of the 

surroundings rises ultimately.  

 

Q # 27: Define standard enthalpy of solution? 

Enthalpy of Solution: 

 The amount of heat absorbed or evolved when one mole of a substance is dissolved in so 

much solvent that further dilution results in no detectable heat change is called standard enthalpy 

of solution ( Ho
sol). 

Examples: Enthalpy of solution of NH4Cl = +16.2 KJ/mol 

       Enthalpy of solution of Na2CO3 = +16.2 KJ/mol 

 

Q # 28: Differentiate between internal energy and enthalpy? 

Internal energy  Enthalpy  

The total of all the possible kinds of 

energies of the system is called internal 

energy.  

The total heat contents of a system which 

is sum of internal energy and product of 

pressure and volume is called enthalpy.. 

It is denoted  by E It is denoted by  H 

Mathematically E = K.E + P.E Mathematically H = E + PV 

The value of E is smaller than H by factor 

PV. 

The value of E is greater than H by factor 

PV. 

E = H - P  H + E + PV 
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Q # 29: State with one example enthalpy of combustion? 

Enthalpy of Combustion: 

  The amount of heat evolves when one mole of a substance is completely burnt in 

excess of oxygen under standard conditions is called standard enthalpy of combustion ( Ho
c). 

Example:  C2H5OH(l) + 3O2(g)    2CO2(g) + 3H2O(l)  H
o

c = -1368 KJ/mol 

 

Q # 30: Define enthalpy of neutralization with example? 

Enthalpy of Neutralization:  

  The amount of heat released when one mole of Hydrogen ion (H+) from an acid 

reacts with one mole of hydroxide ion (OH-) from a base to form one mole of water under standard 

conditions is called enthalpy of neutralization ( H
o
n). 

Example: 

HCl(aq)   H+
(aq) + Cl-(aq) 

NaOH(aq)  Na+
(aq) + OH-

(aq) 

H+
(aq)  + OH-

(aq)  H2O(l) H
o

n = -57.4 KJ/mol 

 

Q # 31: Define enthalpy of neutralization? Why is enthalpy of neutralization of strong acid 

and strong base is always -57.4 KJ/mol? 

Enthalpy of Neutralization: 

  The amount of heat released when one mole of Hydrogen ion (H+) from an acid 

reacts with one mole of hydroxide ion (OH-) from a base to form one mole of water under standard 

conditions is called enthalpy of neutralization ( H
o
n). 

H+
(aq)  + OH-

(aq)  H2O(l)  H
o

n = -57.4 KJ/mol 

All strong acids and bases ionizes completely in aqueous solution providing equal number of H+ 

ions depending upon concentration of solutions. 

So a net result of neutralization is just the formation of water from its ionic components. 

For all strong acids and bases with equimolar concentrations of ions, the value of heat of 

neutralization is same i.e -57.4 KJ/mol. 

 

HESS’S LAW OF CONSTANT HEAT SUMMATION 

Q # 32:  State Hess's law of constant heat summation.  

Ans: Hess's law of heat summation states that " If a chemical change takes place by several 

different routes the overall energy change is the same, no matter which route is adopted to bring 

the change provided that the initial and final states are same‖  

e.g. Suppose A can be converted into D directly in single step and heat released is H. If the same 

is performed through a route A  B  C D than according to Hess's law:  

H = H1 + H2 + H3 
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Q # 33:  Define lattice energy and its S.I unit.  

Ans: Lattice energy is the amount of energy released when one mole of the ionic crystal is formed 

from the gaseous ions. It is also defined as ―the energy required to break one  mole of solid into 

isolated ions in the gas phase‖. Its unit is kJ / mole.  

 

Q # 34: Write down applications of Hess's law.  

Ans: (i) Hess's law of heat summation enables us to calculate the lattice energies of binary 

compounds such as M+X-.  

(ii) Hess's law is also helpful to determine the heat of formation of those compounds whose 

enthalpy cannot be measured directly.  

e.g. Al2O3, B2O3, and CCl4 etc.  

(iii) Heat of formation of CO can be measured indirectly from the heat of formation of CO, and 

combustion of CO.  

 

Q # 35: Differentiate between law of conservation of energy and Hess’s law? 

Law of Conservation Energy/1st Law of Thermodynamics: 

  “Energy can be transferred from the system to the surrounding and vice versa but the 

total energy of the system and its surrounding remains constant‖. 

OR 

―Total energy of system and surrounding remains constant‖. 

Mathematically:   E = q + PV 

Hess’s Law: 

" If a chemical change takes place by several different routes the overall energy change is the 

same, no matter which route is adopted to bring the change provided that the initial and final states 

are same‖ 

 

 

 

 

 

 

 

 

 

 

 
 


